IPSS are popular in different fields of transport, mainly for personal use (car-sharing, bikesharing). Their usage in urban goods transport is not still generalized but those systems present a good potential. This paper proposed to assess and analyze four different scenarios for urban goods transport to compare IPSS configurations to a business as usual situation, in terms of environmental impacts. Those impacts will be estimated via a life cycle analysis (LCA) method. First, the four scenarios are presented. The first scenario is the reference one, i.e. the business as usual situation. The other three scenarios represent possible IPSS configuration, i.e. a vehicle leasing system, a vehicle sharing system and an urban consolidation system. Second, the methodology for scenario assessment using LCA is described, and the main proposed indicators defined. Third, the main results of the scenario assessment are presented, analyzed and discussed. Finally, future researches are proposed.
Introduction
Urban logistics is a popular subject in both research and practice and, since 1995, different works show the interest of different logistics solutions or stakeholders' (both public and private) actions to improve urban goods transport and make it more sustainable ([1] [2] ). One of the most popular themes of research in city logistics is that of evaluating the environmental impacts of urban goods transport ( [3] [4] ). However, most works related to evaluating sustainability of urban goods transport are based on only Greenhouse gas (GHG) rates and other direct polluting emissions (the operational phase of transport, [5] ) and on questions related either to engine (only product manufacturing) or to organization (service vision). In this context, the deployment of IPSS seems to have a potential, as already shown for people transport (car-sharing and bike-sharing systems, public-private partnerships in the deployment of rail-based public transport lines, etc.) PSS is defined as "a system of products, services, networks of players and supporting infrastructure that continuously strives to be competitive, satisfy customer needs and have lower environmental impact than traditional business models" ([6] ). And we can use the term of "servizisation" when a company creates value by adding services to products and provides value in use to the customer ( [7] ). For the industry, a product can be dematerialized by including services that reduce the quantity of materials consumed in the life cycle of a product i.e. the production, the use, the reuse and the recycling ( [8] ). thus, companies that implement PSS may help to minimize the environmental impacts of their activities. However, this reduction of environmental impacts needs to be verified.
But implementing PSS is not as easy as it seems; the barriers to the adoption of PSS are multiple: it calls for changes in behavior and organization of all stakeholders ( [7] ), it can generate high financial risks and new responsibilities ( [8] ). So, generally, a company does not offer a PSS on its own but often involves other companies because the key success of PSS is the relationship between companies, by sharing information, and consumers, by meeting their satisfaction.
The aim of this paper is twofold. First, we aim to explore the potential and impacts of IPSS by assessing three scenarios of different IPSS configurations for urban goods transport and compare them to a reference situation. Second, we aim to estimate the environmental impacts not only by GHG in direct emissions, but by a more general framework based on life cycle analysis (LCA), which takes into account all phases of the vehicle's life, from manufacturing to its end-of-life, including also (but not only) the operational phase of use of the vehicle. The paper is organized as follows. First, the fours proposed scenarios (the reference plus the three IPSS configurations' scenarios) are presented and their hypotheses explained. Then, the methodology for scenario assessment using LCA is described. After that, the main results of the scenario assessment are presented, analysed and discussed. Finally, general conclusions to this work are presented.
Proposed scenarios and assessment framework
To assess the environmental impact of different IPSS alternatives, we propose to analyze four scenarios related to the deployment of light goods vehicles for urban goods distribution. The four proposed scenarios are the following:
• S0: Reference scenario. Each company owns its vehicle fleet.
• S1: Internal reorganization. Vehicles are proposed in an IPSS configuration: they do not belong to companies but are rented, and the owner remains the vehicle manufacturer. This scenario aims to simulate a leasing system in which carriers re-organize their flows. Due to the usage of vehicles in leasing, each company makes a reoptimization of its routes in order to reduce the number of vehicles. Each company uses its own vehicle fleet which is not shared with the others.
• S2: Vehicle sharing system. The vehicle manufacturer proposes a logistics sharing system were vehicles are common to all users (carriers) in order to reduce the total number of vehicles. Companies use their vehicles for their own needs then they bring them to common parking spaces where other companies can take them for different uses.
• S3: Logistics pooling system. Manufacturer does not propose only the vehicles but also the organization of transport to city centre, in order to drastically reduce the number of vehicles and increase their performance. An urban distribution center (in the sense of [9] ) is used to consolidate goods and prepare routes going to city center. Opposing to most literature works in urban consolidation, both inbound flows to the consolidation center and outbound flows from that platform to the city are considered.
The proposed framework is organized as follows:
1. Reference scenario definition. 2. Deployment scenarios construction. 3. Environmental assessment of each scenario 4. Results analysis and discussion
Scenario construction and assessment
In order to build the different scenarios, we need to start from a solid base that represents a reality then to do the same for the other scenarios in a way to ensure comparability among them. The scenario assessment and comparison is close to that of a before-after assessment ( [10] ), so the precision of reference data is less important that the robustness of the assessment method. In other words, the aim of the scenario assessment is to compare different situations and to analyze their gap in terms of environmental performance, not to make an accurate diagnosis of the current situation, so if the assessment method estimates impacts on the same basis to all scenarios, this comparison is possible.
The scenarios are related to different usages of vehicles for urban delivery purposes by carriers, and this on an IPSS viewpoint. Consequently, the proposed scenarios need to be based on carrier behavior data, and not on aggregated databases often used for public transport planning ( [11] ). To build the scenarios, we use data from the urban goods database proposed in [5] . Then, from this database, a set of 100 representative routes is obtained using a probabilistic random generation procedure that respects the statistical distribution of each route category. In this study, we focus only on third-party transport, so own account routes are not considered. Moreover, not all goods can be transported by light commercial vehicles. For this reason, only routes made with vehicles with 3.5T of full loaded weight are considered. For more information on the database and the route categories, see [5] .
Three main types of carriers are defined, related to the weight of goods transported (and indirectly, to the type of packaging moved, i.e., small and medium weights are supposed to be parcel deliveries and big weights pallet deliveries)..
Reference scenario construction
To build the reference scenario, the 100 routes (which characteristics are generated but are not still spatialized, i.e. related to a territory) are grouped into 31 carriers. This is done via an analysis of French urban goods surveys ( [11] ) and the results of previous researches on the organization of such routes ([5] [12] ). Carriers are assumed to have its own platforms located inside a 14 km x 14 km zone in the Eastern part of a city (which centroid is assumed to be situated at 12 km from the city center). In this study, and to simplify estimations, we assume this zone to be a square and the 31 carriers to be uniformly distributed in that zone.
From those assumptions, and assuming that the context takes place on a conurbation with similar characteristics to those of Lyon, France (about 1.9 million inhabitants, platform location in a zone at East of the city, good access conditions to the city and a congested city center, among others), we estimate the approach trip length (from the platforms to the main zone of delivery) and the inter-customer trip distance, in order to spatialize routes. Then, the main spatial characteristics of a route (traveled distances) as well as routes' travel and stop times are estimated.
The proposed set of 100 routes respects also the French regulation related to driving time, as the total working time of each driver is always lower than 8h (including loading and unloading operations and contractual breaks). Each vehicle is then assumed to be used by only one driver but the route can include more than one passage to the depot then different delivery rounds (for example, one vehicle can make two rounds with 6 deliveries each).
S1: Vehicles in leasing, own reconfigurations for each carrier
The first scenario aims to represent an IPSS configuration where vehicles are not sold but rented, like in vehicle leasing systems. In this configuration, we suppose that carriers would reorganize internally their transport to city in order to individually reduce their number of vehicles. However, routes being quite well optimized with respect to practice criteria, so the number of vehicles is similar to that of scenario 0 (100 vehicles in scenario 0 and 96 in scenario 1). Indeed, although real routes are far from theoretical optima, we observe that urban distribution constraints make the optimization difficult so those routes are robust and a further work of optimization produces small (although non-negligible) savings.
The re-optimization is made following the procedure for generating routes described in [5] . Indeed, all customers of a carrier are grouped, then new averages of weights and traveled distances are re-calculated, redesigning routes that respect the urban distribution constraints. Because of this re-organization, the composition of routes and the traveled distance change.
S2: Vehicle sharing system
The second scenario represents the usage of a vehicle sharing system, but without internal reorganization. Indeed, this IPSS configuration considers that all companies keep their route organization unchanged but vehicles can be shared. Consequently, to estimate the total number of vehicles, we analyze each carrier's set of routes and select routes which total time (considering travel time, loading time, delivery time and eventual contractual beaks) is lower than 5h. Then, we match routes in sets of two, having as constraint that the total vehicle usage time is lower than 10h. This is made considering that vehicles are used by different carriers (and then by different drivers) and that current delivery hours in France (for proximity retailers) are inside a range that goes from 8 a.m. to 6 p.m. ( [13] ), which makes a total time window length of 10h. Note that this measure may appear as contradictory with the current incentive of cities to prevent goods delivery on certain time periods.
After that, the new number of vehicles is calculated. It is important to recall that in this configuration, the total traveled distance does not change with respect to S0; the only change is the total number of vehicles needed that is lower. Indeed, in S0 it is assumed a total number of vehicles of 100, whereas in S2, the total number of vehicles is 85
S3: Urban consolidation center system
A third possibility would be that of offering vehicles in a sharing configuration but in addition to propose a consolidation center based delivery service to city center. In this configuration, we assume carriers will bring goods to urban consolidation center the evening, using the 3.5 ton vehicles, and making TL transport (Truckload, i.e. a direct transport form the origin, i.e. the carrier's depot, to the destination, i.e. the consolidation center). Then, the morning after that, the same vehicles are used to deliver goods of all carriers, previously rearranged into almost full-loaded vehicles that deliver the city. To assess the impacts of an IPSS configuration based on an urban consolidation center, we propose an empirical route construction procedure that calculated both flows (inbound transport from carriers' depots to the consolidation center and outbound transport from the consolidation center to the city destinations. Opposing to many works in literature on urban consolidation simulation ( [14] [15]), we consider both inbound and outbound flows because to evaluate the impact of this configuration both flows are contributing to environmental impacts and need then to be considered in a systemic viewpoint ( [16] ).
We assume the consolidation center is located in the centroid of the industrial zone where carriers are located (i.e. in the center of the 14 km x 14 km square where we assume the carriers' depots located). Then, from that location, both distances to city gates (i.e. the points that represent the entrance in the urban zone where final destinations are located) and distances to carriers' depots locations are estimated. The proposed assessment method works as follows. To estimate the inbound routes, we calculate the distance travelled from each carrier's depot to the consolidation center is estimated considering that each carrier bring to the consolidation center a number of vehicles that allow to transport all demand.
Then, for each type, routes are re-constructed using the route construction procedure as for scenario 0, considering that customers in average are nearer between them (the average distance between two destinations is re-calculated from the total number of customers and the entire area to be delivered). Then, total traveled distances, total travel times and total number of vehicles needed for this configuration are estimated.
Environmental assessment using life cycle analysis
The environmental assessment of the proposed scenarios will be made via a Life Cycle Analysis to take into account all different stages of the product's life (in this case, the vehicle) and not only direct emissions related to its utilization (for delivery purposes). Indeed, the aim of this research is to compare the environmental impacts of the four product systems that we consider. For an equitable comparison, it is essential that the systems, which are compared, actually provide the same function to the user.
The main motivation of using LCA arises on the fact that this method participates especially in identifying opportunities to improve the environmental performance of products and services at different stages of their life cycle; and information to industry decision makers and public authorities in their strategy or planning. More precisely, we propose a method based on the standardized LCA methodology ( [17] [18]). LCA was developed as an analytical tool to assess the environmental impacts from products or services. In our case, we will consider the impact of the entire life cycle of the vehicles. This includes production, operation, maintenance and disposal.
In order to show the total environmental impacts caused by the product or the service, the analysis must focus on the product systems (four scenarios corresponding to four product systems), we then consider nine indicators. These indicators have been validated in a recent work on the environmental assessment of urban mobility ( [19] ). These indicators describe the greenhouse gases (GHG) emission, the energy requirements (fossil and renewable energy), the resources used and the local air pollution. There are four phases in an LCA standard framework:
1) Goal and scope definition 2) Life cycle inventory 3) Life cycle impact assessment (LCIA) 4) Interpretation
Goal and scope definition
In this first phase, we define the goal and the intended use of the LCA and describe the function to be provided by the system in qualitative terms and quantified in the functional unit. The functional unit defines the number of product units for which the collection of data is done. In our case, the functional unit is to realize the delivery activities of seventy tons of goods in one day, from thirty-one expeditor clients to the urban center.
Life cycle inventory
In this second phase, the aim is to collect information on the input and output for all processes within the boundaries of the product system ( [20] ). In our case, we use 2010 inventories from Ecoinvent database ( [21] ). The impacts per vh.km were obtained by modifying Ecoinvent data to better represent the description of the actual vehicle (light commercial vehicle 3,5t) used in the scenarios. In terms of processes, we consider four processes corresponding to the entire transport life cycle of the vehicle: production, operation, maintenance and disposal processes for van.
Life cycle impact assessment (LCIA)
LCIA's purpose is to assess a product system life cycle inventory analysis results to better understand its environmental significance ( [22] ). It models selected environmental issues called impact categories (nine in our case). We use ReCiPe midpoint method to normalize these impacts because it evaluates most of the chosen midpoint indicators with a standard method ( [23] ). The energy indicators were obtained by cumulative energy demand operations.
Interpretation
Interpretation is the phase of the LCA where the results are analyzed and interpreted according to the goal of the study. The outcome of the interpretation may be a conclusion serving as a recommendation to the decision makers, who will normally consider the * Non-Methane Volatile Organic Compounds environmental and resource impacts together with other decision criteria (like economic and social aspects).
Limits of LCA
LCA is a mature tool with a well-established set of methods and data that enables a direct comparison of alternatives associated with the analyzed product ( [24] ). However, LCA is still subject to limitations that should be considered within the sustainability context. LCA usually models "average" systems, and may not capture the impacts of policies that cause indirect changes or significant (non-marginal) changes in the market. For example, a shift in energy supply may affect power plant operations, and a new technology may create new demand (or eliminate demand) for other technologies (diesel vs electric vehicle for instance). Another barrier is the gaps in the availability of inventory data, data have not yet been assembled for some products, systems, and emissions. Filling data gaps requires significant effort, causing typical LCA studies to require many months to complete.
Results and discussion
After assessing the four scenarios and estimating its environmental impacts with the proposed LCIA method, we synthesize the results as presented in Table 2 . To represent the results per day, we considered a lifetime of ten years for the vehicles ( [25] ). We observe that all IPSS configurations have lower environmental impacts (both direct and indirect impacts) that the reference situation, which shows the interest of deploying IPSS strategies for urban goods transport, but the impacts are different for each scenario. Indeed, scenarios 1 and 2 (those without real collaboration among carriers) remain lower but close to the reference scenario, whereas scenario 3 (which implies a strong collaboration among carriers) reduces the total traveled distances drastically (about 35% of reduction of total number of km), which is directly translated into strong environmental gains.
However, we observe environmental gains in all scenarios with respect to S0 which is mainly due to the reduction of the number of vehicles and then to the construction and end-oflife phases of the life cycle. Note that all indicators are estimated with relation of day-type utilization, then adjusted to be related to the total daily traveled distances.
Regarding S1, we estimate an average impact reduction of about 3.3% with respect to S0. We observe that the total number of kilometers is close to that of S0, which shows that routes are nowadays (in the initial scenario) well-optimized with respect to the goals and constraints related to urban distribution. Moreover, the number of vehicles is very close to that of S0. However, this small reduction allows already an interesting reduction, mainly in energy consumption (routes are higher but customers are closer).
For S2, we can see that the impact reduction with respect to S0 is lightly higher than that of S1. Indeed, the overall impact reduction is estimated to about 5.9% with respect to S0. However, the travelled distances are equal to those of S0 -the distances directly related to deliveries are the same than S0 because we consider only a mutual usage of vehicles, not a reconfiguration of delivery organizations). The reduction in the number of vehicles is about 15%, which clearly shows that the contribution to impact reduction is mainly due to the usage of less vehicles in a more rational way. S3 is then the scenario that shows the most important environmental gains, estimated to be about 38.2% with respect to S0. This is due to both a reduction of the number of vehicles used (44% with respect to S0) and to the drastic reduction of the total number of traveled kilometers (34% with respect to S0). We observe that the construction and end-of-life phases of the life cycle have an important impact to the environment. Indeed, the gains for S1 and S2 are mainly due to indirect impacts; but, when regarding S3, a good usage of the vehicle with an operational phase that leads to a decrease of direct emissions has also an important contribution to the reduction of global environmental impacts.
Finally, it is important to add that in this scenario we consider an urban consolidation system which has enough demand to be economically viable and that leads to a real reduction of the traveled distances by a direct economy of scale. Indeed, by sharing all customers and vehicles into a unique consolidation center, the number of trips increases because freight needs to go from each carrier's location to the consolidation center, but the aggregation and consolidation made at this new platform leads to a drastic reduction of the total number of vehicles and a more rational use of the resources.
Conclusion
This paper presented, via a scenario assessment using a life cycle analysis method, four possible configurations of vehicle fleets and their impacts on the environment. Four configurations were assessed: a reference situation (no IPSS), a leasing system with internal logistics reorganization, a vehicle sharing system and an urban consolidation-based system. We observe that if the number of vehicles used has a strong impact to the environment (related to the construction and end-of-cycle phases of the vehicle's life cycle), the total number of kilometers (i.e. the operational organization, having an impact on direct emissions) is also important, and the combination of both levers lead to important environmental impacts (with a reduction of 44% of vehicles and of 35% of the total traveled distances, we observe a total reduction of 38.2% in terms of overall environmental impacts).
However, other dimensions of the comparison should be considered by logistic decision makers such the motivation to implement an urban distribution center. That configuration assumes a strong collaboration among carriers and a disposal of using urban consolidation, which is nowadays not still a uniform statement (most urban consolidation initiatives remain testimonial, and have difficulties to be deployed in industrial scales). But since the main reluctances to use this type of systems are related to a lack of knowing the real impacts of such systems, a generalization of the present work in a practitioner's decision support viewpoint will help, not only public decision makers, but also private carriers managers (both strategic and operational) to find the best configuration of urban consolidation services in order to develop and deploy them to make real economies of scale and then reduce strongly the environmental impacts of urban goods transport.
Finally, we note that this method may be transferable for transport sector if the same type of functional unit can be considered. We noticed that changing the unit that is used to describe the physical system in order to estimate its environmental impacts (tons, ton-kilometers, vehiclekilometers, number of stops, number of parcels…) may have a significant impact on the results. In our future researches, we plan to analyze more deeply this influence on the results, of this "transfer unit" between the physical and the modeled system. Concerning scenarios, we plan to introduce new types of vehicles, mainly in terms of engine (electric vehicles or gas vehicles among others).
